In the present work recently available experimental data [A. Astier et al, Phys. Rev. C 85, 064316 (2012) Ce have been interpreted with shell model calculations. The calculations have been performed in the 50-82 valence shell composed of 1g 7/2 , 2d 5/2 , 1h 11/2 , 3s 1/2 , and 2d 3/2 orbitals. We have compared our results with the available experimental data for excitation energies including high-spin states, occupancy numbers and transition probabilities. As expected the structure of these isotones are due to proton excitations across Z = 50 shell. The structure of the positive-parity states are mainly from (πg 7/2 πd 5/2 ) n and (πg 7/2 πd 5/2 ) n−2 (πh 11/2 ) 2 configurations, while the negative-parity states have (πg 7/2 πd 5/2 ) n (πh 11/2 ) 1 configuration. Additionally, for the 
Introduction
Shell structure near doubly magic nuclei is important for the study of weak interaction rates. One of the N = 82 isotones, 136 Xe is a candidate of neutrinoless double beta decay, for determining neutrino mass [1] . For the N = 82 isotones low and high-spin states produced by the spontaneous fission were reported in the literature [2, 3, 4, 5] . Recently, Astier et al [6] Ce isotopes using fusion-fission reactions. The aim of this work is to study N = 82 isotones including several newly populated high-spin states by Astier et al [6] within framework of shell model. This would add more comprehensive information to the earlier shell model studies in Refs. [2, 3] . The importance of g 7/2 , d 5/2 and h 11/2 protons orbitals are crucial in this study. This can be seen from the evaluation of experimental values of the proton occupation number of the ground states for the different orbitals in the even N = 82 isotones in Fig. 1 .
Previously, in this region we have analyzed experimentally observed slow E3 transition in 136 Cs at ISOLDE facility at CERN within framework of shell model [7] . Shell model results on the spectroscopic properties of f p and f pg shell nuclei were reported in our earlier works [8, 9, 10] . The B(E2) transitions trends in the tin isotopes using generalized seniority approach have recently been reported by I. O. Morales et al [11] . Figure 1 . Variation of experimental occupation numbers [12] for the ground states for even-mass N = 82 isotones.
This work is organized as follows: comprehensive comparison of shell-model results and experimental data is given in Section 2. In Section 3, transition probabilities are compared with the available experimental data. Finally, concluding remarks are drawn in Section 4.
Shell model results and discussions
The shell-model calculations for the N=82 isotones have been performed in the 50-82 valence shell composed of the orbits 1g 7/2 , 2d 5/2 , 1h 11/2 , 3s 1/2 , and 2d 3/2 . The excited states are mainly due to proton excitations. The full shell-model calculation we have performed with SN100PN interaction due to Brown et al [13] . This interaction has four parts: neutron-neutron, neutron-proton, proton-proton and Coulomb repulsion between the protons. The single-particle energies for the neutrons are -10.610, -10.290, -8.717, -8.716, and -8.816 MeV for the 1g 7/2 , 2d 5/2 , 2d 3/2 , 3s 1/2 , and 1h 11/2 orbitals, respectively, and those for the protons are 0.807, 1.562, 3.316, 3.224, and 3.603 MeV [7] . The results shown in this work were obtained with the code NuShell [14] . In Ref.
[6] shell model results have been reported with empirical interaction, while SN100PN interaction [13] is derived from the free nucleon-nucleon CD-Bonn potential. A new shell model Hamiltonian developed by Coraggio et al [3] starting from a V low−k derived from the CD-Bonn potential, reported results for low-energy states for N = 82 isotones. In the present study we also compare our results with previously available shell model results in Refs. [3, 6] .
Analysis of spectra
For the N = 82 isotones proton excitations are important among the 1g 7/2 , 2d 5/2 , 2d 3/2 , 3s 1/2 , and 1h 11/2 orbitals, above Z = 50 shell closure. The neutrons will not contribute in the structure of these nuclei because of the N = 82 shell closure. In this section we perform shell model calculations for the chain of isotones 58 Ce, with valence protons in 50-82 shell in order to describe positive and negativeparity levels of these nuclei. In Table 1 the proton occupancy numbers calculated with shell model are given. They are compared with the available experiment for the even isotones. For the odd isotones, we have listed predictions of the shell model. Results are in very good agreement with the available experimental data. There are 4 to 7 protons in average in g 7/2 and d 5/2 orbitals. Probability that one proton occupies d 3/2 orbital is small and even smaller for s 1/2 orbital, which will be seen also from the discussions below.
2.1.1.

136
54 Xe: Comparison of the calculated values with the experimental data is shown in Fig. 2 . Recently, positive-parity levels of 136 Xe are extended up to 7.9 MeV in the experiment [6] . There are also four experimental measured negative-parity levels.
First four calculated positive-parity levels are in a very good agreement with the experiment. The 6 are similar as in Ref. [6] .
For the negative-parities, 3 − state is the lowest in the experiment while in calculation 9
− is the lowest one. Present shell model study predicts 14
− sequence for negative parity, while 3 − state is not shown in the shell model calculation of [6] . Three protons are in g 7/2 and one proton is in h 11/2 for the negativeparity levels up to 13 − with 50.2, 81.4, 94.9 and 96.5% probabilities, respectively. The probability of g 
2.1.2.
137 55 Cs: The high-spin level scheme of the odd proton nucleus 137 Cs has been extended up to ∼7.6 MeV excitation energy and spin (37/2+) [6] . As is seen from Fig. 3 + for this nucleus [6] . Comparison of the calculated levels with the experimental data is presented in Fig. 4 . We have compared three eigenvalues with the experiment up to 10 + . The 2 Comparison of experimental [6, 15] − state three protons are both in g 7/2 and h 11/2 orbital with 96.7% probability.
2.1.4.
139
57 La: The calculated positive-and negative-parity levels of 139 La are given in Fig. 5 . All calculated levels are lower as compared to the experimental ones. The first calculated 5/2 + is closely located to the ground state as compared to the experimental one. The experimental levels from 1/2 + to 17/2 + are located between 1209 and 2032 keV energy range, while calculated energies are between 1004 and 1800 keV. The levels from 17/2 + to 21/2 + come after ∼900 keV gap in both experiment and calculation. The next sequence of the levels 23/2 + to 27/2 + are located after ∼800 keV gap both in the experiment and calculation. The sequence of these levels are the same both in the experiment and calculation. For this nucleus 7/2 [6] , the shell-model results for this isotope show overall better agreement with the experimental data in comparison to [6, 15] and calculated excitation spectra for 138 Ba using SN100PN interaction. our results. Thus, for heavier N = 82 isotones the SN100PN interaction needs further tuning.
The calculated negative-parity levels are in reasonable agreement with the experiment. For the all negative-parity levels one proton is in h 11/2 . For the 11/2 − and 19/2 − levels, the remained six protons are in g 7/2 with 30.9 and 41.1% probabilities, respectively. Further, the g is connected with the configuration where one more proton is moved from g 7/2 to d 5/2 in the previous configuration with 38.9% probability. The calculated negative-parity levels show the same sequence as in the experiment. We have given two calculated eigenvalues for 15
2.1.5.
− level in order to compare with the experimental level at 5697 keV to which spin is not assigned. All the calculated levels are predicted lower than in the experiment. The negative-parity levels are produced following three configurations: g Ce shows that it is increased by the increasing of the proton number outside Z = 50 closed shell in both calculation and experiment. This is an indication of persistence of N = 82 magic number for neutrons. In the Ref. [6] , the negative parity states shown from 9 [6, 15] and calculated excitation spectra for 139 La using SN100PN interaction. data in comparison to Ref. [3] . 
Transition probability analysis
The comparison of the transition probabilities with the experiment is given in Ce for which we performed shell model calculations. This work adds more information to Refs. [2, 3, 6] where shell model results for even N = 82 isotones have been reported. We can summarize our results by following:
• The yrast states of the five N = 82 isotones are very well described by shell model.
• The results predicted by shell model for the occupancy numbers are in a very good agreement with the experimental data. The predicted numbers also show the predominance of the πg 7/2 , πd 5/2 and πh 11/2 orbitals. The present results for the occupancy numbers are close to the experiment in comparison to the previous shell model results.
• The structure for the positive-parity states of lighter isotones are from (πg 7/2 πd 5/2 ) n configuration. It is found that the protons prefer to fill the πh 11/2 orbital rather than d 3/2 and s 1/2 orbitals ((πg 7/2 πd 5/2 ) n−2 (πh 11/2 ) 2 configuration) in the case of heavier isotones. The negative parity states are due to odd number of protons in πh 11/2 orbital.
• The transition probabilities are in a good agreement with the experimental data and they are useful for understanding the structure of these isotones.
• 
